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ABSTRACT. Reverberation chambers used
for many important acoustical measurements
should have three dimensional diffuse sound
fields. In this paper, a new method based on
spatial correlation techniques to evaluate the
degree of diffuseness of the sound field in a
reverberation chamber is described. It is
well known that the spatial correlation coef-
ficient R for the sound pressure at two points
in a three dimensional diffuse sound field is
sin kr/kr, where r is the distance between the
two points and k is th!e wave number. How-
ever, sin kr/kr, which is obtained in only one
direction, is a necessary but not sufficient
condition for a completely diffuse sound field.

In order to correct this defect, we -
took note of the directional distribution of
correlation coefficients _ and suggested that it
was important to observe the correlation co-
efficients for all directions in the field.
To simplify the procedure, a value Rw was
provided, which is accorrelation coefficient
at kr = r (i.e., r = X/2), and the direc-
tional distribution of Rr was measured by
keeping the distance of both microphones at
A/2. The three dimensionally measured Rr was
entered on split spherical surfaces, and its
distribution pattern was expressed like a
contour map.

Many distribution patterns were made. 
for various sound field conditions in two
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reverberation chambers (No. 1 513 m3; non-,' 
parallel walls and No. 2 120 m 3, parallelepi-
ped). From the experimental results above, we
have concluded that the distribution pattern
was closely related to the condition of the
sound fields. An especially close correlation
was observed between diffuseness of the sound
field and the area IRRI < 0.1 of the distribu-
tion pattern. Therefore, to judge diffuseness
it is sufficient to consider only the area
IR1l < 0.1, and the diffusivity index DR,
which was defined as follows: DR = (area
IRRI < 0.1)/(all spherical surface area) x 100 /
(%). If Dw = 100%, the sound field is judged
as three dimensionally diffuse. The experi-
mental values DWr obtained for the two rever-
beration'chambers extended from 20% \' 100%.

The dependence of measured reverberant
absorption coefficients of the material on the
diffusitivity index DR were investigated, and
a close dependence was observed between them.

For the reverberation chamber in which
Dw is greater than 70%, it could be judged
that its sound field would fulfil the requisite
for the diffuse sound field, this being the
premise of the reverberation chamber method.

This evaluation method has many advantages;
1) the structure of sound field is made clear
at the same time; 2) the applicable frequency
range has no restriction in principle] 3) it is
not necessary to fear the influence of micro-
phones and ancillary equipment on the sound
field, because that apparatus is small' This
method becomes especially useful in the low
frequency range, which has not yet been solved.

This evaluation method will be a great help
in attacking the problem of diffuseness of the
sound field in a reverberation chamber.

.~~~~~~~~~~~~~~~~~~~'
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Foreword

Reverberation chambers;! for which the sound field must be

three-dimensionally-idJiffuse, are used in a large -number of

important acoustical measurements, such as measurement of the

acoustic absorptivity of sound absorbing materials, the acoustic'

output of noise sources, and the transmission loss in acoustic

insulating materials. In these measurements, the most important

precondition is that the sound field in a reverberation chamber

must satisfy the'conditions of a diffuse sound field.f

In other words, the diffuse sound field is defined by assum-

ing the following two conditions concerning the sound field!I

1) The energy density of the sound must be uniformly

distributed in all places in the chamber.

2) The movement of the sound energy in all places in the

chamber must be uniform in all'directions.

However, in actual reverberation chambers it is extremely

difficult to make these conditions apply in the strict sense,

and in many cases a yardstick is required by which one can

indicate and evaluate the degree of diffuseness for actual

approximately diffuse sound fields.

In the past, the following methods were generally adopted

in evaluating the degree of diffuseness of the sound fields in

reverberation chambers:

1) Departure of the attenuation curve from exponential-

function attenuation.;

*Numbers in the margin indicate pagination in the original
foreign text. ..... .
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2) Dispersion of the reverberation times measured re-

peatedly under identical conditions; or

3) Dispersion of the reverberation--times-based on the

position of microphones, speakers,--and sound absorbing materials.

In each of these methods, ]there still remain a number of

difficulties in deriving a degree of diffuseness which can be

quantified as an index.

Recently, Nagata and Matsumoto have reported on a method

of evaluation using the elevation diffuseness in the reverbera-

tion process; this method is a further development of the so-

called directive diffuseness of Jusofie. They give an evaluatedj

quantity of the degree of diffuseness which has an almost cate-

gorical relationship with the measured value of the acoustic

absorptivity [1]. Nevertheless; since a directional microphone.j

is used in this method, in relation with the directive perform-

ance there still remain problems concerning applications to the

low sound range.

In this connection, the writers conceived a method based

on the directional orientation of the spatial correlation

coefficient.

Cook and Dammig established that in a three-dimensional

diffuse sound field the spatial correlation coefficient is

sin kr/kr [2, 3]. They adopted a method of evaluating the de-

gree of diffuseness from the departures from sin- kr/kr of the

spatial correlation coefficients actually measured in the

sound field in a reverberation chamber. The writers, believing;'

that the spatial correlation technique is an extremely effective:

method for obtaining a structural grasp of a sound field, found!

4



that the direction of the straight line connecting two micro- !
phones for seeking the correlation is an important element for

this purpose.

Carrying this further, they discovered the index for evalu-

ating the degree of diffuseness:of a sound field in a reverbera-

tion chamber. They also applied this method in evaluating the

degree of diffuseness in irregularly shaped reverberation cham-

bers and rectangular parallelepiped reverberation chambers when

the sound field conditions were changed by means of the diffu-

sion boards and the sound absorbing materials. They also studied

the relationship between this index and the acoustic absorptivity

of a reverberation chamber as found from the reverberation times;

measured under various dififusion conditions.

1. Spatial Correlation Coefficients-in-Sdund - [

Fields in Reverberation Ch'ambers

It was established by Cook that, if a sound field is three

dimensionally diffuse, the spatial correlation coefficient be-

tween the sound pressures at two points in the sound field is

given by sin kr/kr. Here, k is the wavelength constant, and r

is the distance between the two points. The examples in Figure 1

are the spatial correlation coefficients when sound fields were

excited by means of 1/3 octave band noise at 250 Hz and 1,000

Hz, measured in the empty room state in reverberation chamber /134

No. 1 at the Kobayashi Institute of Physical Research. It was

confirmed that the values of the correlation coefficients ob-

tained under suc-h sound field conditions, where it is assumed

that the degree of diffuseness is quite good, correspond per-

fectly with the theoretical values.

. . . . _, I~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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'However, when the diffuseness of the sound field was'lbwere'd

by arranging large numbers of sound absorbing materials-in this ,

reverberation chamber, the measured values deviated greatly from,

the curve sin kr/kr, as is clear in Figure 2. --These deviations ,

could also be seen in t rectangular parallelepiped reverberation

chamber, in which it is difficult to realize a diffuse sound

field.

aA-1 f r- _I-- - i I o-- - i--

Q ~ 4 = 1 i _ =

--_ -f-'i\ I !_ I

I ____i -Iz! I.I ! 

/2 t 3'W/2 2i 5r1/2 3n IR. 2
kr-

Figure 1. Spatial correlate
coefficients for 250 Hz (O)
and 1000 Hz (x) 1/3 octave
band noise measured at the
reverberation chamber No. 1
under empty room condition.
Solid cu;irve is theoretical

(sin kr/kr)

kr 

Figure 2. Spatial correlation
coefficients for 250 Hz (-O-),
and 1000 Hz (-x-) 1/3 octave

'band noise measured at the'
reverberation chamber No. 1 '
with absorbing material.(area
36 m 2 ). Dotted curve is theo-

retical (sin kr/kr)

As a general tendency, these deviations grow larger as the

diffuseness of the sound field declines. However, the important

element here is that the direction oqfthe straight line connect-

ing the two points plays an important role in the deviations of

the correlation curve.

On the other hand, takingr in one direction, even though

the observed correlation coefficient was sin kr/kr, it is impos9

sible to conclude that the sound field in question is three- '

dimensionally diffuse. For example, when there is incident

sound entering at random towards the two points from the entire'

space, the coefficient will be sin kr/kr; even though the

' ~~~~~~~~~~~~~~~~~~6 1I



incident sound comes from an octant sphere, sin-kr/kr wili- still

apply [3]. That is, even though sin kr/kr in one direction

alone is a necessary condition for a diffuse sound field, it is

not a sufficient -condit-ion.

Thus, as for the purpose of determining a sound field by

the spatial correlation technique, one cannot obtain sufficient

data by measuring the correlation curve only in one direction,

and it is necessary to make measurements in numerous directions.

In order to study this matter, the correlator for sound field

measurements described below was produced and the measurements

made.

2. Correlator for Sound Field Measurements

Used in Experiments

According to the equation-defining the correlation coeffi--

cient, the correlator is used for calculating the correlation

coefficient between two signals. Its composition is divided up

chiefly into the calculating unit for the correlation coeffi·-.

cient and the microphone-moving unit. By simple manipulations,

it is possible to seek the correlation coefficient between the

sound pressures at two points.

2.1. Calculating Unit for the Correlation Coefficient

When two signalshave been given to the input in the cal-

culating unit, the correlation coefficient between the signals

is calculated by the sum and difference method, and the value isl

indicated on the meter. A circuit block diagram of the calcu A

lating unit is shown in Figure ;3.
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Pre-amplifier

3quarer l s ~ e:er
Adder-

.q~. Subtctor 
Pre-amplifier

Figure 3. Circuit block diagram of the
correlator

The given signals are converted into the prescribed voltage:

signals (u1, u2 ) by the attenuators attached to each of the

preamplifiers, and these signals are sent into the adder-sub-

tractor, where first of all the sum of these voltage signals

(u1 + u2 ) and the difference between them (ul - u2) are prepared.

Then the squares of each, (ul + u2 )2 and (ul - u2 )2, are cal- /315

culated by the squarers, and calculations are performed to seek

the product (u
1
u2) from the difference. The calculated product

is subjected to time averaging by the R - C integrator, and this

value is then indicated on the meter as the correlation coeffi-

cient. The indicating meter is a zero-centered voltmeter. As

for the correlation coefficient R, since IRI , 1.0, it is ad-

justed at full scale R = + 1.0.

The applicable frequency range of the calculating unit is

100 - 5,000 Hz.

2.2. Microphone-Moving Unit

Two simple microphone-moving devices were produced for the

purpose of carrying out sound field analysis by means of the

spatial correlation coefficients. The external appearance of

the equipment is shown in Figure 4.

8



7../le f1 ion ! - a: t w v eTdK~~~~~f ,

(A) A microphone slides back (B) A microphone turns with
and forth along two guide. constant radius in an
rails at will against the arbitrary plane around
microphone fixed at an the fixed microphone

end of the rails

Figure 4. Microphone movements

Microphone-moving device A gives any desired microphone

distance in one direction. While one microphone remains fixed

on one end of the guide rails, the other microphone is moved

backw7ards and forwards along the guide rails by a small-size

motor and chains. It is controlled from a position far enough

away from the sound field or from an isolated place; in this

way it is possible to detect the distance between the micro-

phones r. If the guide rails are fastened in the desired

direction in the sound field, it is possible to measure easily

the spatial correlation coefficient in this direction.

Microphone-moving device B is a device in which the fixed

microphone remains in the center, and the other microphone is

9



moved in any direction in a definite plane, maintaining a defi-

nite distance from the first microphone. Since the measuring

surface can be set at will, it is possible to use this to measure

the correlation coefficient of the sound pressures at a point in.

the sound field and any other point on a spherical surface cen-

tering in the first point. The moving microphone is semi-fixed

in place on an arm bracket. It can be fixed at a suitable

position, and the desired microphone distance r can be given

at will.

The microphones are cylindrical dynamic microphones (Sankenl

Model MS-7) measuring 25 mm in diameter and 125 mm in full

length. Two microphones with almost exactly the same performance

properties were used. Since it was assumed that the acoustic (

center is located on the microphone axis, by controlling their

movements so that the axes of both microphone's were kept in

parallel, it was possible to make the distance between the two

points in question, r, coincidef with the distance between the

microphone axes. This was confirmed experimentally by pure

sounds in an anechoic room.

However, at frequencies above 4,000 Hz, divergences were

observed between r and the axial distance within the range where

the microphone axial distance was smaller than the half wave- /136

length X/2. It was assumed that this was caused chiefly by

the size of the microphones. As for the signals above 4,000 Hz,'

since differences occurred in the phase characteristics of the

two microphones, it was impossible to find the correlation coef-'

ficient between the sound pressures at two points at the same

moment. :

In view of the preceding, in carrying out these experiments %

it was assumed that the upper limit of the applicable frequency

range of this correlator was 4,000 Hz.
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3. Directivity of the Spatial Correlation Coefficients

- Methods of Measuring and Indicating Them

Experiments-were performed in a sound field in a rectan-

gular parallelepiped reverberation chamber in order to analyze

the influence of the directivity of the spatial correlation

coefficients on the determination of the sound field construction.

The reverberation chamber was a rectangular parallelepiped

room (No. 2 reverberation chamber, Kobayashi Institute of Phy-

sical Research) measuring 6 m x 4 m x 5 m. Microphone-moving

device A was used to measure the spatial correlation coefficient'

in the long axis and short axis directions of the rectangular

parallelepipid chamber; the results are shown in Figure 5. The

dotted curve in the figure is the spatial correlation coeffi-

cient R = sin kr/kr of the three-dimensional diffuse sound field.

One-third octave band noise was used to excite the sound field-.;

The results at central frequencies of 250 Hz and 1,000 Hz were

used as examples of measurements in the low sound zone and high

sound zone, respectively. The measuring conditions are as

shown in Figure 6. The fixed microphone was installed in the

center of the room, with thelsound source speaker installed in

a corner of the room, with its axis following the long axis

direction of the room. The room was empty.

It is obvious in Figure 5 that the two correlation curves

measured in the figures are clearly different. That is, in the i

long axis direction there are pronounced ups and downs, while

in the short axis direction the ups and downs are small. From

the correlation curves obtained for these two directions, it

was possible to assume that in this sound field a pronounced

axial mode exists in the long axis direction.

11 .



o. ____I I __ __ _ _ _ I_ _ _ _ __!microphone

tO0 n 4' - Loud speaker

04 o A fflt > <Figure 6. 'Measuring con-
o e ' 100 ti~-. lzm HZ dition in the chamber

_1 4 j ...- ,No. 2

*; -06

6 -30t l l _ In this case the room:was a

[ber, and the axis,of the sound,

Figure 5. Spatial correlation source speaker was parallel
coefficients for 250 Hz and
1000 Hz 1/3 octave band-noise to the long axis of the room.
in the direction of long (0) Since these conditions were
and short (0) axis of the from the
chamber No. 2 (as in Figure
8) under empty room condition' measurements conducted in these
Dotted curve is theoretical two directions of the room's(sin kr/kr)

long and short axes, it was

possible to obtain sufficient

data for determining the sound field. However, in a sound field

it is usually necessary to measure the correlation curves in

many more directions. However, considerable trouble must be

taken when one actually measures the correlation curves in numer-

ous directions, and the efficiency is not very good. For this

reason, it was decided to use the index R , defined below, to

simplify the measuring procedure. Use of this index also made '

it possible to quantify numerically the state of the correlation

curves and to simplify their handling.

12



R = [value of the correlation coefficient R

at kr = rw]

The statement s jRRI < 1.0 always applies to R under this defi-

nition, and R = 0 in a three-dimensional diffuse sound field.

Figure 7 shows the relationship between R and the correla-
iTr

tion curves obtained in a rectangular

The data signify that, when R'a.

has a value close to +1, the

correlation curve will have small

ups and downs, and that when the

value is close to -1 the correla-

tion curve will have large ups

and downs.

However, it is impossible to

obtain, by means of R , data con-

cerning the shape of the correla-

tion curve when kr > w. Ther.e

still remain, therefore, diffi-

culties with this point. Never-

theless, this method, aimed at

the range where kr _< , can be

put into use extensively in deter-

mining sound fields of this type.

parallelepiped chamber.

Figure 7. An example of
relation between RH (R at

kr = w) and spatial corre-,

lation curve measured in
chamber No. 2

Another attempt to quantify the state of the correlation

curves was made by Kuttruff, who uses the value of kr at which

R = 0.5 [5]. However, this method cannot necessarily be con-

sidered lappropriate, since there are always cases where

R > 0.5 on'account of the sound field conditions and the 

measuring conditions.

13 
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In order to obtain the R
Tr

actually for many directions, the

microphone-moving device B was

set so that there would be a dis-

tance of r = w/k = X/2 between

the central fixed microphone an'd

the moving microphone. When this

has been done, one need only ad-

minister any angle of rotation

and carry out repeated measure-

ments. Figure 8 shows the di-

rectional distribution of R

+0,05 0

-00
-0.75

Figure 8. An example of
directional distribution
of R in the chamber No. 2

Tr

actually obtained in a rectangu-

lar parallelepiped reverberation chamber. The values of R were
'TT

inscribed in the position corresponding to the measuring direc-

tions on the spherical surface centering in the fixed microphones.

4. Diffuseness of Sound Field Inside Reverberation

Chamber and Directional Distribution of R -

Calculation of Diffusivity Index D

The state of three-dimensional distribution of the correla-

tion coefficient Rr can easily be observed by the method described

above. Therefore, the polyconic chart method, used in map pro-

/jections, wasladopted as the method of organizing these observed

values three-dimensionally. The values found as in Figure 8

were displayed in the manner of a contour map, as sh6wnin n,

Figure 9. That is, the directi:onal distribution of R was
Tr

plotted on spherical surfaces split at central angles of 300

along the circle of longitude.

I -
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Figure 9. Directional distribution pattern
obtained at the center of the chamber No. 2

Test signal: 250 Hz, 1/3 octave'band'noise;
number of diffusing plates: 0; area of the
sound absorbing material: 16 m 2; (the valuej
on contour lines indicate the distribution

region of R.)

The contour lines for the distribution regions of R are

plotted in Figure 9 at intervals of 0.10, but it was ascertained

that the necessary data will not be lost even if the width is

expanded further for the purpose of performing sound field ana-

lysis. Therefore, also to simplify the calculations, it was

decided to indicate the range of distribution, as shown in

Table 1, with the values of R classified into eleven steps

indexed from +10 to -10.

In the two reverberation chamberation chambers described in Table 2, /138

the sound field conditions were varied-in different ways using

diffusing plates and'sound absorbing materials, the directional

distribution of R was measured for the respective sound fields,'

and many spherical diagrams were prepared. Hard board flat on

both sides with a thickness of 5 mm and measurements of 90 cm x

180 cm was used as the diffusing plate, and glass wool board

distribution of R,:was measured for the respective sound fields,~~~~~~~~~~~~~~~~~~~, I

and many spherical diagrams were prepared. Hard board flat on~~~~~~~~~~~~~~~~~~~~~~~~~~~~~.. .. 
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With a density of 20 kg/m 

and thickness of 50 mm was used

as the sound absorbing material,.

The number of the diffusing -

plates and the area of the

sound absorbing material were,:

varied as shown in Table 3.

Typical examples of the

spherical diagrams obtained

by the measurements are shown

in Figures 10, 11, 12, and

in Figure 13. These are exam-

TABLE 1. INDEX OF CORRELA-
TION COEFFICIENT Rw

Index Measured value of R.

1. 02 R.>0 . 85
0. 85> R.Ž0. 65
0. 65>R.2°0. 45
0. 45> R.O. 25
0. 25> R.>O. 10

' 0. 102 R.2--0. 10 '

-0. 10> R.>--0. 25

- 0. 25>R.>--0. 45
-0. 45ŽR.>--0. 65

-0. 652 R.> -0. 85
-o0 85> R.2-1. o

10
8
6
4

2

-2
-4
-6

-8
-10,

u-_ . ...- , . _ 

ples of measurements taken at a central frequency of 250 Hz.

TABLE 2. DETAILS OF THE REVERBERATION CHAMBERS

Chamber No. 1 Chamber No. 2

Volumenc 513 m3 120 ml
Surface area 3:82 ml 148 ma

Shape | Nonparallel walls Rectangular parallelepipcd

TABLE 3. VARIOUS CONDITIONS OF SOUND FIELD IN REVERBERATION
CHAMBER FOR THE EXPERIMENTS

Chamber I The number of diffusing plates. I The area of the sound absorbing material. -

No. 1 33, 15, 7. 0 35, 22, 10, Om'
No. 2 16, 8, 4, 0 18, 13.5, .9, 4.5, Oml

The diffusing plate: llard insulation board, 900x1800x5 (mm)

The sound absorbing material: Glass-wool board 20 kg/ms , 50 mm in thickness.

ii6 6 ¢'
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i V V V V V V V V V V_.V V
Figure 10.. Directional distribution pattern ob-
tained at the center of the chamber No. 1:

Test signal,: 250 Hz, 1/3 octave band noise; num-
ber of diffusing plates: 0; area of the sound
absorbing material: 10 m 2 ; (the values in con-
tour map indicate the distribution region of R

as in Table 1). In this case D 97%

0+2~~~- W

+2 00~ ~ ~ ~ +

Figure 11. Directional distribution pattern ob-
tained at the center of the chamber No. 1:

Test signal: 250 Hz, 1/3 'octave band noise;
number of diffusing plates: 15,' area of the
sound absorbing material: 22:m2?. In this

case D = 70%

17
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0 01 0 2-2 -2

Figure 12. Directional distribution pattern
obtained at the center of the chamber No. 1:

Test signal: 250 Hz, 1/3 octave band noise;
number of diffusing plates: 15; area of the
sound absorbing material: 35 m 2 . In this

case DO = 50%

Figure 13. Direction'al distribution pattern
obtained at the center of the chamber No. 2:

Test signal: 250 Hz, 11/3 octale band noise;
number of diffusing plates: 0; area of sound
absorbing material:. 18 m2.: In this case

D = 30%

i 

i:
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Figure 10 shows the results when 10 m2 of sound absorbing

materials were installed on the floor of an irregularly shaped

reverberation chamber. No diffusing plates were used. In this

example, the zero range is predominant over almost the entire

area of the spherical diagram. From this, it is possible to

determine that IRI < 0.1 in all directions, and that the dif-

fuseness of the sound field is extremely good.

Next, Figure 11 shows the results when the area of the

sound absorbing materials was increased to 22 m2 in the same

reverberation chamber, and when 15 diffusing plates were sus-

pended. Here also, the zero rangelis predominant over almost

the entire area, although ranges other than zero appear in

several places. That is, in this sound field, in several direc-

tions there is a direction in which IRI > 0.1, and there is a

certain tendency towards the loss of diffuseness.

In Figure 12, this tendency appears even more conspicuous.

These results were obtained by using 35 m2 of sound absorbing

material and 15 diffusing plates in the same reverberation

chamber. There was a great decrease in the area occupied by the

zero range, and the other ranges increased. The distribution /139

diagram also became more complex, and the diffuseness was

rather poor.

Figure 13 shows the result:s obtained in a rectangular

parallelepiped reverberation chamber using 18 m2 of sound ab-

sorbing material and no diffusing plates. In this case, the

zero range could be seen only in very limited sections, and it

could be presumed from this distribution pattern that an axial

mode was present in the sound field.

19



In this manner, various distribution patterns were observed,

depending upon the sound field conditions. It was possible a

not only to judge the sound field structure from the state of

distribution, but also t'o,-evaluate the diffuseness of the

sound field.

Therefore, the following method of quantifying the state of'

distribution was established. Measurements were taken of R
Tr

at 150 intervals (the total number of measuring points under

condition 1 was 486) at a central angle on the entire spherical

surface, centering around the fixed microphone. The value of D I

was defined as follows in terms of the area of the zero range;

Diffusitivity index DTr-

[Area occupied by zero range]

[Total spherical surface area]

The D defined in this manner was calculated for the above- /140

mentioned examples in Figures 10 - 13, and the results were

inscribed in each of the figures.

The examples given here were found by installing the fixed

microphone near the center of the reverberation chamber. How-

ever, eeven nder the identical sound field conditions ' it was

found that the distribution 'seen on the spherical diagram would

differ in various ways depending upon the measuring position.

However, it was ascertained thalt great differences did not occurj

in index Dr, even when there were different states of distribu- 

tion, with the exception of positions extremely close to the

chamber walls, the sound absorbing surfaces, and the. sound

source speaker.

20



From this, it was concluded that the D1 found inside a

reverberation chamber can be treated as the numerical value

representing its sound field.

The Drr were experimentally calculated from the relevant

spherical diagrams for each of the sound field conditions shown

in Table 3. As a result, results ranging from 20% to 100%

were obtained.

5. Relationship Between Index D. and Measured Value of

Reverberation Chamber Acoustic Absorptivity a

It is well known that differences will occur in the meas-

ured values of the reverberation chamber acoustic absorptivity

based on Sabine's reverberation equation, which assumed a per-

fectly diffuse sound field, as a result of differences in the /141

diffuseness of the sound field. When the acoustic absorptivity

does not coincide in different reverberation chambers even

though the same materials are used, this is to be attributed

in the final analysis to the prob,lem of diffuseness [6].'

Therefore, under the sound field conditions indicated in

Table 3, the reverberation time was measured along with the

measurement of the index Dr. The acoustic absorptivity a of

the glass wool used as the sound absorbing material was sought,

and the relationship between Dw and a was studied. This rela-

tionship is shown in Figure-14, where the measured value of the

acoustic absorptivity a is plotted on the ordinate, and the in-l

dex D r - on the ab6cissa.j The results of measurements using 

1/3 octave band noise of 250 Hz and 1,000 Hz were given as

representative examples of the low sound zone and of the high 

sound zone, respectively.
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The reverberation time for

calculating the acoustic absorpi- 

tivity a was found in the fol-

lowing manner. Two to four

measuring points, as necessary,

were established inside the

chamber, and 10 to 15 attenua-

tion curves were measured for

each point. The reverberation

time was sought from the average

value of these results. In

sound fields in which Dw < 40%,

it was impossibleeto find the

acoustic absorptivity because

there were pronounced bends in

the attenuation curves, because

there were deviations at the------

same point, and because there

were large differences at the

receiving points.

- DA (%)

Figure 14. Relation between
the index D

w
and absorption

coefficients a measured for
each condition in reverbera-
tion chambers. 6 - 250 Hz;
* - 1000 Hz, 1/3 octave' _

band noise

In Figure 14, the acoustic absorptivity a increased as the

index D7w came closer to 100%. In the region where the value of

D, was higher than 75%, there was a tendency for a to settle

down more or less to a constant value. In sound fields where

D, was great, there were almost; no bends in the attenuation

curves, deviations at every measurement, and differences from

one measuring point to another. 

In these experiments, a series of evaluations were made

on the basis of the index D, covering a broad range of sound

fields, such as a reverberation[ chamber with sound field cond-i-

tions regarded as giving an extremely good diffuseness, a l
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rectangular parallelepiped chamber with many problems in realiz-

ing a diffuse sound field, and sound fields equipped with large

amounts of sound absorbing materials and having extremely poor

diffuseness.

Her!e let us dwell on the effects of the diffusing plates

which were used to change the sound field conditions. It.is

generally believed that the diffuseness of the sound field will

increase when the number of diffusing plates increases. In

Fitgures 15 and 16, the manner in which the measured values of
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Figure 15. Relation between
the number of diffusing plates
and absorption coefficients _
and the index D measured in|

the reverberation chamber No.,
2 for,250 Hz. The area of the:
sound absorbing material:

18 m2
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the acoustic absorptivity a of sound absorbing materials having i

a constant area are affected by the number of diffusing plates

is shown. Figure 15 gives the results of the experiments con-

ducted in reverberation chamber No. 2 using 18 m2 of sound ab-

sorbing material. The measured values of the acoustic absorpti-

vity a increased together with the number of diffusing plates,

and it is assumed that the diffuseness of the sound field inside

the reverberation chamber was improved by the diffusing plates.

Figure 16 shows the results obtained in the same way using 4.5 m2

of sound absorbing material inside the same reverberation cham-

ber No. 2. In this case, the maximum value of a was attained

when there were eight diffusing plates, and there was a smaller

value of a when there were 16 diffusing plates. It was assumed

thaj an increase in the number of diffusing plates does not /142

necessarily lead to an improvement of the sound field diffuseness

inside a reverberation chamber, and that there is an effective

number of diffusing plates. In Figures 15 and 16, the relation-l

ship between the index Df and the number of diffusing plates was;

shown at the same time by dotted lines. The measured values of

the acoustic absorptivity a and the index Dw corresponded well.

In this case it was concluded that, when the area of the sound

absorbing material was 18 m 2, the best diffuseness of the sound

field inside the reverberation chamber was obtained when there

were 16 diffusing plates. When the area of the sound absorbing

material was 4.5 m2 the best diffuseness was obtained when

there were eight diffusing plates.

As was clearly established; there is an extremely good

correlation between the index D~ and the acoustic absorptivity a.

This index is an effective yardstick for evaluating the diffuse-!

ness of the sound field inside a reverberation chamber.
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In the past, the following difficulty arose in evaluating

the degree of diffuseness of a sound field inside a reverbera-

tion chamber by means of the spatial correlation technique.

Since it is difficult to observe the difference-between the

sin kr/kr and the correlation curves obtained by measurement in

cases when there is relatively good diffusion, it was difficult

to handle the data with reference to the sensitivity or the

accuracy. The index Dw introduced here is effective also in

dealing with this problem.

Our attention was focused on RX, because the gradient of

the correlation curve sin kr/kr reaches its maximum at kr = w.

In this manner, it was found possible to establish even slight

deviations from sin kr/kr.

Even though the spatial correlation coefficient observed

by taking the distance r in only one direction should be sin -

kr/kr, this alone could not be a sufficient condition for judg-

ing the sound field to be a diffuse sound field; sin kr/kr was

merely a necessary condition for a diffuse sound field. This

was regarded as another difficulty. On the other hand, when

index Dw is used, the spatial correlation coefficients are

measured in all directions in the sound field, and three-

dimensional observaltions are performed. Consequently, it is

possible to establish accurately the properties of the sound

field in which one is interested.

In view of these considerations, the use of the index D.

is an extremely effective method to attain the goal of evalu-

ating and indicating the diffuseness of a sound field inside

a reverberation chamber.
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Conclusion

For the purpose of evaluating and indicating the diffuse-

ness of the sound field inside a reverberation chamber, we meas-

ured the spatial correlation coefficients in all directions, de-

rived the index D7 , and used it'as the index of diffusion.

Using two reverberation chambers (one irregularly shaped, another

of a rectangular parallelepiped shape), we changed the sound

field conditions by means of sound absorbing materials and dif-

fusing plates and measured the index Dw under these various con-,

ditions. ,Further, under the various conditions, we measured the

reverberation chamber acoustic absorptivity a of the glass wool

used as the sound absorbing material and sought the relationship;

between Dfw and a. An extremely good correlation was Observed

between Dw and a, and the fact that it is valid to use D, as

an index of diffuseness was corroborated.

It was also determined that, if D., is higher than 75% in

a reverberation chamber, it has diffuse sound field conditionsi

sufficient for measuring the reverberation chamber acoustic

absorptivity.

In summing up the advantages of using the index Dw for

evaluation, we can mention the following items:

1. By observing the correlation coefficient Rw in all -

directions, we can at the same time obtain data concerning the

sound field structure.

2. As for the measuring frequency, there are in principle .

absolutely no restrictions, and. handling is particularly easy

in the low sound zone, which tended to be left out in the

methods used in the past.

26



3. Since a small-size micrdphone-moving device is used_ f
in making the measurements, there is little fear that the sound

field being investigated will be influenced by the equipment.

In view of the advantages mentioned above, the use of this

method is extremely effective in evaluating and indicating the

diffuseness of a sound field inside a reverberation chamber.

In conclusion, we thank Mr. Kenmochi Fukio' (currently

Japan I.B.M.) for his cooperation in designing the correlator I /143

and MrT Sugita Hisao of this laboratory for 'his cooperation

in measuring the acoustic absorptivity.
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